for the QSkin Sun and Health Study Group IMPORTANCE Primary prevention and early detection are integral strategies to reduce the burden of skin cancer.
Despite these campaigns and the resultant increased knowledge of the link between sun exposure and skin cancer among Australians, 3 adherence to sun protection practices remains suboptimal. For example, a national survey conducted in [2003] [2004] reported that less than 40% of Australians used sunscreen when outdoors on the weekend and less than 50% wore a hat. 4 Early detection (secondary prevention) to diagnose lesions at an early stage is encouraged, but relatively little is known about the extent of whole-body skin examination in Australia, and the data available suggest that the prevalence varies across subgroups of the population. Understanding the distribution and factors associated with early detection practices is necessary to tailoring secondary prevention campaigns, particularly with a view to targeting those in the population who are most likely to benefit. 5 The objective of this study was to describe the prevalence and predictive factors for sun protection and skin examination practices of adults in Queensland, Australia, the jurisdiction with the highest rates of skin cancer in the world. [6] [7] [8] Of particular interest was whether sun protection and skin examination practices differed between those with and without a previously confirmed melanoma and/or treatment for actinic skin lesions.
Methods

QSkin Sun and Health Study
The QSkin Sun and Health Study is a prospective cohort study of men and women 40 through 69 years of age at recruitment in 2011 who were sampled randomly from the Queensland population (n = 43 794). A description of the study design and methods has been published previously. 9 At baseline, in addition to demographic items and general medical history, information about standard pigmentary characteristics, sun protection, whole-body skin examination practices, and history of skin cancer was collected by questionnaire.
10,11
We restricted our analyses to participants with white European ancestry (which excluded 3154) and those with complete information on self-reported history of skin lesion treatment (which excluded 454). We also excluded 14 participants who withdrew consent, leaving 40 172 participants in these analyses.
For these analyses, the primary outcomes were sun protection practices (use of sunscreen and frequency of wearing a hat) and whole-body skin examination. Thus, participants were asked if they routinely (ie, most days) applied sunscreen or cosmetics with a sun protection factor (hereafter combined to sunscreen use), regardless of whether they were going out into the sun. Response options were (1) yes, to my face; (2) yes, to my hands, forearms; (3) yes, to other parts of my body; and (4) no. They were also asked about how often they applied sunscreen or wore a hat when they were outdoors in the past year (never, <50% of the time, ≥50% of the time, or all of the time). Participants were asked about the practice of whole-body skin examination for which the wording of the question was "During the past 3 years how many times has all or nearly all of your skin been deliberately checked by (1) a doctor, (2) someone else (eg, spouse, partner), or (3) yourself"; possible responses were categorical.
We coded responses to the 2 questions about sun protection practices in the past year into dichotomous outcome variables (≥50% of the time vs <50% of the time). For regular use of sunscreen, we derived a composite variable (any regular sunscreen use on face, hands or forearms, or other parts of the body).
Sociodemographic, phenotypic, and skin cancer-related variables were assessed as factors potentially associated with sun protection and skin examination practices. Sociodemographic factors assessed were age at baseline, sex, highest educational level achieved, work status, and ethnicity. Phenotypic variables included skin color, skin type, and nevus density at 21 years of age. Self-reported family history of melanoma in a first-or second-degree relative and self-assessment of future melanoma risk were also assessed.
We obtained data on all melanoma diagnoses up to the end of 2009 via record linkage with the Queensland Cancer Registry (notifications have been mandatory since 1982). We stratified our analyses by 3 groups: previously confirmed melanoma, self-reported history of only actinic skin lesions, and no self-reported history of any skin lesion. Data on nonmelanoma skin cancers and actinic keratoses were obtained by asking "About how many separate skin cancers (but not moles or warts) have you ever had cut off your skin?" and "About how many separate sunspots or skin cancers have you ever had ever frozen or burnt off your skin?" Participants who answered 1 or more to either of these questions were classified as having a history of actinic skin lesion treatment for these analyses. Thus, we had 3 groups for analysis: those with a history of melanoma (group 1), those with a self-reported history of treated actinic lesions (group 2), and those without either (group 3).
The study was approved by the Human Research Ethics Committee of the QIMR Berghofer Medical Research Institute. Each participant provided written informed consent to take part in the study.
Statistical Analysis
We compared the characteristics of study participants in 3 separate groups a priori using χ 2 tests of homogeneity: those with a previously confirmed melanoma, self-reported history of only actinic skin lesions, and no history of either. For the melanoma group, we examined whether the prevalence of these behaviors differed by time since diagnosis (<5 years or ≥5 years). We calculated the prevalence proportion ratios (PPRs) using PROC GENMOD's log binomial regression in SAS statistical software 12, 13 to compare prevalence of protective practices among the 3 groups. We adjusted for age, sex, and educational level a priori because these items have been reported 13, 14 Within each group, we used multivariable regression models to identify factors associated with each practice. Variables significant in univariate analyses and those regarded as important in the literature were retained in the final multivariate models regardless of significance. The PPRs and accompanying 95% CIs are reported. We used SAS statistical software, version 9.2 (SAS Institute Inc), for all analyses.
Results
The characteristics of participants stratified by skin cancer history are provided in Table 1 . Those with a history of melanoma (group 1; n = 1433) or other treated actinic lesions (group 2; n = 24 006) were older than those without (group 3; n = 14 733) (mean age, 58.7, 57.5, and 53.5 years, respectively; P < .001) and were more likely to have fair skin (P < .001). Of the 1433 patients diagnosed as having melanoma, 442 had in situ lesions and 991 were invasive. Overall, the distribution of melanoma thicknesses was as follows: in situ, 30.8%; 1.00 mm or smaller, 41.9%; 1.01 through 2.00 mm, 6.8%; 2.01 through 4.00 mm, 1.6%; 4.00 mm or larger, 0.8%; and unknown thickness, 18.1%.
Overall Prevalence of Sun Protection and Skin Examination
In total, 42.6% of participants regularly used sunscreen or cosmetics with a skin protection factor. When outdoors and in the sun, 64.7% of participants reported wearing a hat more than half the time, and 37.2% used sunscreen more than half the time. Almost three-quarters of participants (72.3%) reported having had all their skin examined by a physician in the past 3 years, 29.8% by someone else, and 55.1% by themselves ( Table 2) . Among those with a past diagnosis of melanoma, the prevalence of protection practices did not differ by time since diagnosis, although clinical skin examinations were more prevalent for those with a more recent diagnosis (98.4% for those diagnosed <5 years ago and 92.5% for those diagnosed ≥5 years ago, P < .001).
Comparison of Those With and Without a History of Melanoma or Treatment for Actinic Lesions
Compared with those with no treated actinic lesions (group 3), participants who had melanoma and those with prior treatments for actinic lesions were significantly more likely to report regularly using sunscreen and wearing hats. They were also substantially more likely to engage in skin examination practices; the greatest difference between the groups was in having their skin checked by a physician in the past 3 years (Table 2 ).
Multivariable Analysis of Sun Protection Practices
Within each group, the most consistent predictor of sunscreen and hat use was having skin that burns easily ( Table 3 and eTable 1 and eTable 2 in the Supplement). Educational level was strongly associated with sunscreen use in all groups and was significantly associated with hat use, although the magnitude of the association was lower than for sunscreen. Nevus density and a family history of melanoma were not significantly associated with sun protection practices; however, a perceived high risk of developing melanoma in the future was a significantly associated factor among those with and without histories of treated actinic lesions. Women were significantly more likely than men to use sunscreen regularly and when outdoors but were less likely than men to wear a hat more than half the time when outdoors.
Multivariable Analysis of Skin Examination Practices
Factors associated with whole-body skin examinations conducted by a physician differed depending on history of melanoma or treatment for a skin lesion (Table 3 and eTable 3 and eTable 4 in the Supplement). Among all participants, skin examinations by a physicians were more common among those with many moles at 21 years of age, a family history of melanoma, and a perceived high risk of melanoma. Of note, we found no factors significantly associated with clinical skin examinations in the melanoma group (group 1).
In multivariable analyses, factors associated with skin selfexamination were similar among all 3 groups, being most likely among women, younger adults, those with post-high school qualifications (eg, college diplomas, trade certificates, or university degrees), and those with a perceived high risk of melanoma. Skin examinations conducted by other people were much less likely for women than men and among older than younger people; these observations held regardless of prior history, whereas skin examinations by others were more prevalent among those with many moles at 21 years of age. Among those with a prior treatment history (group 2), skin examination by others was also more prevalent among those with a family history of melanoma and a perceived high risk of melanoma.
Discussion
Effective skin cancer control requires 2 strategies: regular sun protection to prevent new cancers from occurring and early detection facilitated by periodic skin examinations. We found that the prevalence of sun protection and skin examination practices is high in this sample from a largely fair-skinned population exposed to high ambient solar radiation. We found that people with a history of melanoma or actinic lesions and those with a skin type prone to burning or a large number of moles (hereafter high-risk phenotypes) were more likely to engage in sun protection and skin examination practices than those without these factors.
The prevalence of sun protection measures in Australia appears to have increased in recent decades. Whereas only 12% of Australians observed at the beach wore a wide brimmed hat in 1993, 15 an Australia-wide survey conducted in 2003 found that 48% of adults reported wearing a hat on weekend days. 4 In comparison, a study of US adults published in 2000 reported that 14% of beach-goers wore a wide-brimmed hat. Previous studies have suggested that sun protection behavior is higher among females 4, 19, 20 and those with a sunsensitive skin type, 4, 16, 19, [21] [22] [23] [24] [25] increases with age, 4 and is greater among those with a perceived high risk of skin cancer. 19 The most consistent predictor of regular sun protection in our study was a sun-sensitive skin type. We also found that those with a history of treated actinic lesions were significantly more likely to apply sunscreen regularly and wear hats when outdoors than those without prior actinic lesions. Data exploring the association between personal history of skin cancer and sun protection behaviors are scant. Although several studies 23, 24, 26 have reported that a history of actinic lesions increases sun protection practices, much of the existing literature is based on adolescents among whom skin cancer incidence is very low. 27 We measured 3 types of skin examination: by a physician, by oneself, and by others. Skin examinations conducted by a physician were common in this cohort, with almost 75% reporting they had had their skin examined by a physician within the past 3 years. Participants with a history of treated skin lesions had an almost 2-fold higher adjusted prevalence of skin examinations conducted by a physician than those with no prior history, which accords with other research. 28 Reverse causality is one plausible explanation for this finding, whereby a diagnosis of skin cancer would precipitate subsequent skin checks by a physician, although it is also possible that those undergoing regular skin checks by a physician were more likely to have actinic lesions detected. Indeed, it is likely that both forces operate within this population, given the high awareness of skin cancer in the community and the ready availability of skin cancer clinics that provide skin examination services. 29 Our ongoing follow-up of this cohort may help to untangle these complex associations. The prevalence of skin self-examination was higher in our cohort (55.1%) than previously reported for Queensland residents (33.9% in a 1998 telephone survey 30 ), and compares with 10.6% for a 2010 US study. 31 Although these differences may be partly attributable to period effects, it is also notable that our cohort included a high proportion of people with a history of treated actinic lesions.
A strength of our analysis was our calculation of PPRs, which provide a better estimate of the ratio of prevalences among subgroups in a sample. In addition, the large sample size, comprehensive data collection and use of validated instruments, 9, 32 and universal capture of prior melanoma diagnoses through the population-based cancer registry were further strengths. Limitations of the analysis include the cross-sectional nature of the study design, which prevented us from assessing the Moreover, they correlated well with physician counts of actinic keratoses, 32 suggesting that these self-reported items are highly valid markers of chronically sun damaged skin. Except for melanomas, we did not ascertain the histologic diagnosis of treated lesions because such diagnoses are not recorded by the Queensland Cancer Registry and many such lesions are treated destructively. Moreover, the multiplicity of lesions for most affected participants limits the utility of further categorization. Of note, we found that the predictors of sun protection and skin examination behaviors were essentially the same for people with and without a history of treatment for actinic skin lesions, suggesting that knowledge of precise histologic diagnoses would be unlikely to influence personal behavior. It is likely that we have missed some melanoma diagnosis for the year 2010 (cancer registry data were only complete to the end of 2009); however, we estimate that the number of cases missed would be fewer than 50 and unlikely to influence the results. A further limitation was the low participation fraction for the baseline survey (22.7%), which may affect the generalizability of our findings. Although the QSkin cohort is similar to the Queensland population on several key characteristics (educational attainment, employment status, and body mass index), 22 the low response rate of 22.7% means that the sample is prone to some degree of self-selection. Given the subject of the study, it is likely that our sample overrepresents people with an interest in skin cancer or prevention. As such, although our study findings are likely to have high internal validity, they may not be generalizable to other populations. Arguably more important than generalizability is internal validity, that is, the extent to which the associations identified within a given data set are robust and free of information biases or confounding influences of other factors. Given the large sample size, our use of validated data collection instruments, and the statistically significant associations from multivariable analyses assessing PPRs, we contend that these findings have high internal validity.
Conclusions
Our study provides a contemporary assessment of the sun protection and skin examination practices in a large sample from a population exposed to high levels of ambient solar radiation. People with a treatment history for actinic lesions and those with high-risk phenotypes were more likely to engage in both sun protection and skin examination practices than those without these, suggesting that they are receptive to primary and secondary prevention messages. Role of the Funder/Sponsor: The funding source had no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and the decision to submit the manuscript for publication. 
ARTICLE INFORMATION
